Influences of indigestible dietary bulk (kaolin), short chain fatty acids (SCFA), and their interaction on the weight and epithelial cell proliferation rate of digestive organs were studied. Rats with an ileal fistula were fed an elemental diet with or without kaolin (10% w/w). They were given a 3ml SCFA mixture (acetate, propionate, and butyrate; 100, 20, and 60 mM, respectively; pH 6.1) or a 3ml NaCl solution (180 mM; pH 6.1) via the fistula twice a day for 14 days. Kaolin, but not SOFA, increased full and empty body weight by 14% and 13%, respectively. Kaolin increased the tissue weight, but not relative tissue weight (tissue weight/empty body weight), of the forestomach, distal colon, liver and heart by 6-14%. SCFA, independent of the presence of kaolin, increased the weight and the relative weight of the cecum, both by 15%. SCFA, but not kaolin, increased the cryptal cell production rate in colonic segments by 50-140%. These results indicate that (a) SCFA accelerates epithelial cell proliferation, thereby increasing cecal tissue weight, (b) kaolin stimu lates body weight gain which is accompanied by a proportional increase in the tissue weight of some digestive organs, and (c) the actions of these factors are independent of each other.
epithelial cells. Among the fermentation products, short chain fatty acids (SCFA) such as acetic, propionic, and butyric acids markedly stimulate epithelial cell proliferation depending on the autonomic nerve system (5, 6) . A recent study also indicated that the chronic administration of SCFA into the hindgut lumen stimulated the epithelial cell production rate of the rat intestine, but without significant increase in gut weight (7) . Purposes of the present study were: (a) to confirm the stimulatory effect of SCFA on intestinal epithelial cell proliferation; (b) to test if SCFA increase gut weight using higher doses of SCFA; and (c) to test if there is an interaction between the effects of SCFA and non-fermentable dietary bulk. Accordingly, the effects of non-fermentable dietary bulk (kaolin) and SCFA on tissue weight and epithelial cell proliferation rate of the digestive tract were estimated in rats fitted with an ileal fistula and fed on an elemental diet. rats in the same block were housed in two cages; one fed an elemental diet and another fed an elemental diet with kaolin (see below). Accordingly, all the 4 cages housed 3 rats given a SCFA solution and 3 rats given a control solution (see below). Diet. Rats were fed a pelletted diet (MF; Oriental Yeast Co., Ltd., Tokyo) prior to the surgery, after which rats were fed an elemental diet (Elental_??_, Morishita Seiyaku Co., Ltd., Osaka) composed of amino acids, dextran, organic and inorganic salts, vitamins and soybean oil until the beginning of the experiment. Elental_??_ with or without kaolin (10% w/w) was used as the experimental diet. Rats were allowed free access to the diet and water throughout the experimental period. Food consump tion was roughly estimated from the decrease of food in the container. Results were expressed as the amount of food consumed per rat per day. Fecal weight was not observed.
METHODS
SCFA administration. Rats were infused with a mixture of SCFA (mmol/liter: sodium acetate 100, propionic acid 20, and sodium n-butyrate 60) or NaCl solution (180mmol/liter) every 3ml twice a day at 10:00 and 16:00 for 14 days via the ileal fistula. The pH of these solutions was adjusted to 6.1 with 1 N HCl or 1 N NaOH .
Metaphase-arrest and tissue sampling. At 10:00 on the 15th day of the experiment rats were given colchicine (4mg/kg, ip) for metaphase-arrest to calculate CCPR. Rats were killed with an overdose of sodium pentobarbital (50mg/rat, intracardiacum) after 0, 1, and 2h of metaphase-arrest. Total body weight and the tissue weight of digestive organs were measured. The heart weight was also measured as a reference. Tissue samples from three colonic segments (Table 4) were fixed in acetic acid: ethyl alcohol (1:3, v/v) for the calculation of CCPR (10) . Empty body weight was measured after the removal of the stomach, the intestine, the liver and the heart. Calculation of CCPR. CCPR was preferred as the most reliable measure of the rate of epithelial cell production in the intestine (11) in this study. CCPR was calculated according to Wright and Appleton (11) , with minor modifications. Briefly, fixed materials were stained with Feulgen reaction for DNA en bloc. Crypts were dissected under a stereo microscope and pressed onto the glass slide (12) 
RESULTS
General condition, food consumption and body weight Rats fed an elemental diet alone excreted sticky unformed feces . These rats had rough fur and poorer appearance than those fed diet with kaolin . Mean food Table 1 . Effects of indigestible dietary bulk and short chain fatty acids (SCFA) on the body weight of rats fed an elemental diet and infused twice daily with short chain fatty acids (SCFA) or NaCl via the ileal fistula for 14 days (mean with SD in parentheses; n=6). consumption in rats fed an elemental diet alone was 12.3 (duplicated observations) and 10.2 (SD 1.0; n=24) g/rat/day before and during the experiment, respectively. Mean food consumption in rats fed an elemental diet plus kaolin was 13.0 (duplicated observations) and 13.2 (SD 1.7; n=24) before and during the experi ment, respectively. The addition of kaolin affected neither the food consumption (p>0.23) nor the consumption of the nutritional fraction in the diet (p>0.25). Dietary bulk (kaolin), but not SCFA, had a positive effect(p<0.001) on the total and empty final body weights of rats (Table 1) . 
DISCUSSION
The above results indicated that dietary bulk (kaolin) and fermentation product (SCFA) each had an independent influence on digestive organs.
Dietary bulk promoted greater body weight gain (Table 1) . Since the empty body weight (full body weight minus the weight of the stomach, the intestine, the liver and the heart) also increased, the increase in full body weight was not due only to the weight of digestive organs or to the digesta contained therein. The reason for this effect has yet to be determined. The insignificant increase (ca. 17%) in the consumption of nutritional fraction in the diet by the addition of kaolin alone does not explain the difference in the body weight gain (ca. 57%).
Dietary bulk also increased the weights of certain organs (Table 2 ). However, this was a proportional increase accompanying somatic growth, since the relative weight of these organs was not affected ( Table 3 ). The reduction in relative weight of the hindstomach, small intestine and cecum in rats given dietary bulk could be due to the hypometric nature of the growth of these organs. These results differ from those of Goodlad and Wright (13) , where the supplementation of indigestible dietary bulk (kaolin) to an elemental diet (Flexical_??_, Mead Johnson Ltd., Langley, Slough) (3:7, w/w) had a marginal stimulatory effect on mucosal weight of the proximal small intestine and on the muscle weight of the colon. The smaller proportion of kaolin in the present study (10% of the diet, w/w) could be responsible for the absence of trophic effects on the digestive organs.
Dietary bulk did not affect CCPR in the present study (Table 4) , while Goodlad and Wright (13) demonstrated that the addition of kaolin depressed the CCPR in the colon. Again, the lower kaolin content used in the present study might be responsible for this discrepancy.
SOFA, independent of dietary bulk or body size, stimulated cecal tissue growth (Tables 2 and 3 ). The concentrations of SCFA in the present study were within the physiological range in the colon of the rat fed a commercial diet (MF: see above) (Yajima and Sakata, unpublished results). Although cell kinetic parameters were not measured for the cecal epithelium, the trophic effect of SCFA in the cecum was evident. In the colon SCFA stimulated the epithelial cell proliferation rate (Table 4) without affecting the weight or relative weight of the colonic segments (Tables 2 and  3 ). These results, including the CCPR values themselves, agree with those in a previous report by the author (17). An increase in the rate of cell loss, though not estimated in the present study, might have been responsible for the poor response in colonic tissue weight.
The absence of any interaction between the effects of dietary bulk and SCFA indicates that they are mediated via independent mechanisms. The different manners of action of dietary bulk and SCFA in the rat resembled those in the weaning ruminant where bulk (sponges or sawdust) promoted the development of the muscle of the forestomach and SCFA stimulated the development of the ruminal mucosa (14, 15) .
In conclusion, the present study confirmed that SCFA are a luminal trophic factor in the large intestine, especially for its epithelium, while non-fermentable dietary bulk seems to have little positive effect on epithelial proliferation in the colon.
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